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Abstract 
Two Echinodorus species were produced in masses in 
Peruvian Amazonia for international aquarium plant trade 
from the 1950s to 1990s. In the beginning of this time pe-
riod production was large-scale including field cultivation, 
but to the end of the period production faded rapidly. De-
cline in production was a consequence of rapid develop-
ment of aquarium plant cultivation in Asia, U.S.A. and Eu-
rope. Nowadays aquarium plant production involves in vi-
tro propagation and other highly sophisticated methods, 
and thus re-establishing large-scale aquarium plant pro-
duction in Amazonian countries may not be economically 
viable. However, due to high biodiversity in Amazonia, the 
area may have a significant role in new aquarium cultivar 
prospecting.
Introduction
Due to the magnificent diversity of aquatic environments, 
South America has been an important source of aquat-
ic ornamentals for the aquarium industry (Chao & Prang 
1997). Both ornamental fish and ornamental aquatic plant 
exportation began in Brazil by the 1930s (Goulding et al. 
1995, Rataj 1978). Decline in aquarium plant production 
began in South America after development of mass pro-
duction in the late 1950s in Southeast Asia (Rataj 1975), 
and a few decades later cultivation in South America had 
practically ended. In this article we present information of 
the ornamental aquarium plant production under semi-
natural conditions in Peruvian Amazonia. We discuss the 
magnitude of aquarium plant production in Amazonia, the 
importance of production to rural people, reasons for the 
end of the production, and the possibilities to re-establish 
production in South America.
Materials and Methods
Three different groups of stakeholders were interviewed 
in order to gather information about aquarium plant pro-
duction. Local rural people who were responsible for plant 
cultivation were interviewed close to Iquitos in Peruvian 
Amazonia. Personnel from all of the operational compa-
nies and from one already closed aquarium company in 
Iquitos were interviewed. Besides the Peruvian producers 
and traders international aquarium plant companies were 
also interviewed in order to get a better understanding 
of the development of aquarium plant industry. The inter-
views were made during August 2003 - February 2004. 
Unfortunately we were able to find only two households 
who had been involved in aquarium plant production 
around Iquitos, both of them located in Moena Caño, 
along the Itaya River. They were asked about the dates 
of cultivation of plants, and the amount and type of labour 
involved in these practices. We were especially interest-
ed in the number and species of produced plants, area of 
the fields, methods used in cultivation and transportation 
of plants and economical importance of aquarium plant 
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cultivation for locals. The people were asked to compare 
present and past situations in each question. 
A total of 27 aquarium entrepreneurs were interviewed in 
Iquitos. Questions included basic information about the 
company, e.g. year of foundation, entrepreneur’s previous 
experience in the aquarium business, number of employ-
ees and information about the international and national 
contacts and economical activities. More detailed ques-
tions were asked concerning aquarium plant trade and 
cultivation.
Six European companies responded to our questionnaire, 
among them were three wholesalers and three aquarium 
plant producers. We asked about the market develop-
ment, innovations made in plant cultivation, companies’ 
opinions of the reasons for the shift of cultivation from 
South America and expectations for the future develop-
ment of the aquarium trade.
Results
Local growers
According to questionnaires the production of living aquar-
ium plants in Peru has concentrated along river margins 
close to Iquitos (Figure 1). Methods of production have 
included intensive cultivation on fields and less inten-
sive collections from natural populations. Only two aquat-
ic plant species have been produced for trade by rural 
people, Echinodorus grisebachii Small and E. horizontalis 
Rataj (Alismataceae).
Echinodorus cultivation by local people took place only in 
one locality, Moena Caño, along the Itaya River. Moena 
Caño is situated next to Iquitos, so that the transporta-
tion time of the plants from field to town is less than half 
an hour. According to local growers the plantations have 
been situated on inundated riverbanks and cultivation 
has taken place during low-wa-
ter period from August to Febru-
ary (Figure 2). Sizes of the plan-
tations in the 1970-1980s were 
mostly 5(-10)x10m, and each 
household had four to five plan-
tations (total area 200-500m2). 
However, before the 1970s cul-
tivation was more intensive and 
plantations were not only larger 
but also more numerous. Siz-
es of the fields have reached 
10x100m and each household 
may have had more than 10 
such fields. Thus, the total area 
of Echinodorus cultivations may 
have surpassed 1 ha per house-
hold.
The cultivations have produced 
a large number of plants. A cul-
tivated area of 200-500 m2 has 
yielded 10,000-30,000 plants 
monthly and about 160,000 
plants per seven months grow-
ing season (about 300-800 
plants/m2/year). Based on these 
numbers given by the locals we 
may assume that during the 
era of most intensive cultivation 
households may have reached 
annual production numbers of 
3,000,000 plants. Plants were 
harvested for sale 1-3 times per 
month and the growth time of an 
individual plant was more or less 
one month. Other tasks on the 
Figure 1. Locations of Echinodorus production in Peruvian Amazonia. Note that 
exact locations for two sites (Yuracuyacy and Baradero) along Napo river are not 
known. One production site (Cocha Cedro, E. grisebachii) along Putumayo River is 
not shown, but the site is situated NE of represented map.
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fields besides harvesting have included weed removing 
and pesticide spraying. 
The growers have earned US$ 2-10 per 1,000 plants (Table 
1); E. horizontalis was more valuable (about US$10/1,000 
plants) than smaller E. grisebachii (about US$7/1,000 
plants). For the grower with 160,000 produced plants this 
means an annual income of about US$320-1,600 from 
aquarium plant cultivation alone. However, even during 
the era of most intensive production Echinodorus culti-
vation was not the only source of income but also other 
forms of agriculture and hunting were practised.
Aquarium companies in Iquitos 
The 26 interviewed aquarium companies in Iquitos had 
been operating from a few months to 28 years, average 
age was four years and median age was only two years. 
The closed company was founded in 1957, thus it repre-
sents the era of mass production of aquarium plants in 
Peru. The turnover rate of companies seems to be high, 
since the number of aquarium companies in Iquitos was 
already 26 in 1989 (Barthem et al. 1995), but only two of 
these companies are still operational. The number of em-
ployees varied from two to 10 (average and median five), 
which is considerably less than the 1950-1970s, when the 
companies had up to 40 employees. Currently (2003) the 
aquarium companies in Iquitos offer jobs for 125 persons 
altogether. Interviewed personnel (N=27) had an average 
experience of 5.5 years in the aquarium business with 
maximum experience being 30 years and median experi-
ence only one year. 
The aquarium trade in Peru is export oriented, only two 
companies out of 26 had no international contacts. Despite 
the fact that most of the companies were founded much 
after the decline in aquarium plant production in Peru, 19 
% of the operational companies have had aquarium plant 
trade, and three companies out of 26 (11.5%) still have. 
However, aquarium plant trade is nowadays economically 
unimportant for the companies, since plants are sold only 
infrequently in local markets without export. 
Companies have gathered plant material for trade by three 
different methods: buying plants from local producers, col-
lecting plants from nature or by cultivating plants. The ma-
jority of the traded plants were bought from the local pro-
ducers. The number of traded plants was at its highest in 
the 1950s. In that era an individual company bought and 
exported a total of 960,000 plants into USA annually, in-
cluding species E. horizontalis and E. grisebachii. Even in 
the 1970s the number of annually exported plants rose up 
to 320,000 by one company. Plants were bought mostly 
from Itaya River (Moena Caño), while other areas of pro-
duction were Napo River (Yuracuyacy and Baradero) and 
Amazon River (Grau). The duration of transportation var-
ied from less than half an hour from Moena Caño to about 
24 hours from the Napo river.
Nowadays three companies are still buying plants of E. 
horizontalis and E. grisebachii from local producers, either 
from the Itaya River or Nanay River areas (Diamante & 
Samito). However, the number of traded plants is only a 
fraction compared to the earlier times. Currently the three 
companies are buying annually no more than 1,800-5,000 
plants altogether, and all of them are sold in Iquitos. 
Figure 2. Old Echinodorus grisebachii field in Moena 
Caño, Peru.
Table 1. Development of value of 1,000 Echinodorus 
plants in marketing chain. Values according to interviewed 
growers and traders, representing prices in mid-1990s to 
2003.
Mean Range N
Producer US$ 7.6 US$ 2.3-10 11
Exporter US$ 26 US$ 14.5-50 8
Importer US$ 700 US$ 700 1
Retailer US$ 6,000 US$ 5,000-7,700 5
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Only one company has collected plant material directly 
from nature without any intermediary. Both species E. 
horizontalis and E. grisebachii were regularly collected in 
the 1990s. According to the company, 24,000 individuals 
of E. grisebachii were collected from the Cocha Cedros 
(Putumayo River) and 96,000 individuals of E. horizonta-
lis from Ex Petroleros (along Iquitos-Nauta road) annually. 
Elodea horizontalis were collected all year round whereas 
E. grisebachii were collected only from January to Feb-
ruary. Collected plants were exported into Germany and 
Chile. However, collection ended because of lack of mar-
kets for the plants, and the company is not going to con-
tinue collection in the future.
One company has experimentally cultivated aquatic plants 
of the genera Elodea Michaux and Anubias Schott in con-
crete tanks. Elodea is a native genus in South America 
but Anubias is imported from Africa. The company has 
also tried cultivation of E. horizontalis along the Momón 
River.
Even though the aquarium plant trade is a minor activ-
ity compared to fish trade among the Peruvian aquarium 
companies, most of the companies are still interested or 
very interested in the plant trade. Those companies still 
involved in plant trade are willing to continue, and the ex-
tra income from plant trade interests also those compa-
nies currently involved only in fish trade. 
International companies 
Information about modern aquarium plant production 
and trade is based on interviews of three wholesalers 
and three plant producers in Europe. Large producers of 
aquarium plants exist also in Southeast Asia and Florida, 
U.S.A. In Asia and Florida plants are cultivated in outdoor 
pools, unlike in Europe where greenhouses are used 
(Figure 3). Aquarium plant nurseries in these countries 
have introduced many new innovations into production 
since the beginning of the cultivation, including cultiva-
tion of plants in mineral wool in plastic pots, breeding of 
new variations by crossing and tissue propagation in test 
tubes. Prospecting wild material plays a crucial role in the 
breeding, but companies said that due to tightening per-
mission policies it is becoming more difficult.
Poor quality of naturally produced plants was the most 
commonly mentioned reason for the end of natural pro-
duction. Another problem related to plant exportation from 
South America is that transportation of plants alone is not 
economic, for example plants produced in Asia are trans-
ported together with ornamental fish. Also, new cultivars 
have replaced many natural species.
The largest aquarium markets are in the U.S.A, central 
Europe and Japan. All of the companies believed that the 
Figure 3. Modern aquarium plant nursery in Germany.
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aquarium market is still growing and also spreading to 
new countries like China and Mexico. 
Discussion
Aquarium plant exportation has been one source of sec-
ondary income beside ornamental fish trade for aquari-
um companies in Peruvian Amazonia. The total impact 
of aquarium plant trade for local economy during 1950s 
to 1970s is very difficult to estimate, but today the trade 
is economically unimportant in Peru. In the international 
economy Echinodorus trade may be worth of over US$10 
million annually (Dierk Wanke, personal communication) 
and the value of aquarium plant trade altogether is much 
higher. However, this trade no longer benefits the origi-
nal producers or countries where cultivated plants come 
from.
The magnitude of the previous aquarium plant produc-
tion in Peruvian Amazonia is not well known. Our results 
are based only on few scattered interviews given that the 
aquarium industry statistics of Iquitos region kept by DI-
REPE – Loreto (Dirección Regional de Pesquería – Lore-
to) were destroyed in a fire in 1989. We do know however, 
that the number of annually exported plants by an indi-
vidual company was almost one million in the 1950s, over 
300,000 plants in the 1970s and still over 100,000 plants 
in the 1990s, and that aquarium companies had many 
more employees before the 1980s than nowadays. The 
number of aquarium companies has varied between 12 
and 26 in Iquitos during the 1980s (Barthem et al. 1995), 
but the exact number of companies in 1950-1980 is not 
known. Also, it is not known how many companies were 
involved in plant trade, but in any case it is reasonable to 
believe that the number of annually exported plants has 
been millions from 1950s to 1970s. Discussions with the 
growers support these numbers. 
The annual income of rural households in Peruvian Am-
azonia is estimated to be US$500-5,000 per household 
(Padoch et al. 1985). Our results suggest that Echinodor-
us growers in Moena Caño may have earned compara-
ble income from aquarium plant production alone. Thus, it 
seems that aquarium plant production has been an impor-
tant, though not the only source of income for rural people 
in Moena Caño. However, this income has benefited only 
a small number of households nearby Iquitos.
Nevertheless, Amazonia has great diversity of aquatic life 
and many fish and plant species are suitable for aquari-
ums, for example 35 aquatic vascular plant species (Kas-
selmann 2003) out of 177 species present in Peruvian Am-
azonia (León & Young 1996) are used as ornamentals in 
aquaria. Thereby one could imagine that Amazonia could 
have a larger part of the ornamental aquatic industry than 
it has at the moment. Still a large number of ornamental 
fish are exported from Amazonia (Chao & Prang 1997) 
and plants could be transported with the fish shipments. 
Production numbers could be very high in Amazonia: ac-
cording to our study the cultivation in semi-natural fields 
may yield better crops per square meter than modern cul-
tivation yields in greenhouses. However, problems with 
the quality and irregular production should be solved. 
Aquarium industry has developed rapidly, and artificial hy-
brids have already replaced many natural species in mar-
kets (Kasselmann 2003). Tissue propagation provides 
many advantages compared to traditional reproduction 
methods: rapid reproduction even from very sparse ma-
terial, cloning and maintaining decorative mutants and 
hybrids, and production of virus-free plants (Kane et al. 
1999, Kasselmann 2003). On the other hand, tissue prop-
agation requires both laboratories and biological knowl-
edge of the species in question, and for these reasons 
only the wealthiest companies can rely on it.
High biodiversity in the tropical countries includes poten-
tial species for commercialization, and prospecting new 
species for cultivation is part of the aquarium trade. It 
should be guaranteed however, that all the benefits do 
not flow to foreign companies. Also, nature conservation 
has to be incorporated into development by creating sus-
tainable rainforest economies. In this progress, ornamen-
tal aquatics with existing markets and high value (Chao 
& Prang 1997, Wijesekara & Yakupitiyage 2001) surpass 
many other non-timber forest products (NTFP). In order 
to achieve mutual benefits from bioprospecting, close co-
operation and contracts are needed between national and 
international operators, regulated in the basis of Conven-
tion on Biological Diversity (CBD 1992).
Conclusion
Aquarium companies in Iquitos claimed that there is no 
market for the plants, but in reality markets not only exist 
but also are large and growing. Perhaps this misunder-
standing is caused by the young age of the companies 
and the entrepreneurs’ short experience in the aquarium 
business. Companies in Peru have international contacts, 
but contacts should be improved in order to enhance com-
panies’ knowledge of international markets. 
To overcome these problems more co-operation is need-
ed. Current research institutes in Amazonia (e.g. Institute 
of Investigations in Peruvian Amazonia (IIAP) in Peru and 
National Institute of Amazon Research (INPA) in Brazil) 
could be involved in developing cultivation methods and 
prospect new species for trade. There is already an ongo-
ing project in Rio Negro basin to develop ornamental fish 
production (Chao & Prang 1997) and ornamental plants 
could be included in similar projects. Contacts between 
exporters and importers should be stronger and more 
active to guarantee the markets for the products. South 
American aquarium plant production was already once re-
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placed with more efficient production elsewhere and thus, 
instead of direct competition with the existing producers the 
Amazonian companies perhaps should focus their business 
differently. They could concentrate on prospecting new spe-
cies or variations for trade and on cultivation of pure natu-
ral species instead of hybrids. One possibility is to focus on 
species that are too expensive to produce in greenhouses, 
for example E. horizontalis has almost disappeared from the 
markets because of high production costs due to its large 
size and slow growth. 
Aquarium trade may reduce poverty in developing countries, 
but conservation questions should be remembered. Market-
oriented conservation cannot guarantee the preservation of 
biodiversity alone, but can result in over-exploitation of natu-
ral resources (Crook & Clapp 1998). Habitat losses togeth-
er with overexploitation of natural populations for aquarium 
trade have resulted in serious problems in Asia, where sev-
eral species of genus Cryptocoryne Fischer (Araceae) are 
now threatened by extinction (Jacobsen 1985, Mansor & 
Masnadi 1994). Thus, possible re-establishment of the pro-
duction in South American countries should be done cau-
tiously. In any case, native plants should have priority over 
potentially invasive exotic species in the development of the 
aquarium plant industry.
Acknowledgements
We thank Debbie Reategui Ocampo and Orlando Rengifo 
Lopez for their kind help during the study, and the reviewers 
of the manuscript for their comments. The study was funded 
by Jenny and Antti Wihuri Foundation, Oskar Öflunds stif-
telse and Turku University Foundation.
Literature cited
Barthem, R.B., H. Guerra & M. Valderrama. 1995. Diag-
nóstico de los Recursos Hidrobiológicos de la Amazonía. 
Tratado de Cooperación Amazónica. Second Edition. Sec-
retaría Pro - Tempore. 
CBD. 1992. Convention on Biological Diversity. www.biodiv.
org
Chao, N.L. & G. Prang. 1997. Project Piaba - towards a sus-
tainable ornamental fishery in the Amazon. Aquarium Sci-
ences and Conservation 1:105-111.
Crook, C. & R.A. Clapp. 1998. Is market-oriented forest con-
servation a contradiction in terms? Environmental Conser-
vation 25:131-145.
Goulding, M., N.J.H. Smith & D.J. Mahar. 1995. Floods of 
fortune. Ecology and economy along the Amazon. Colombia 
University Press, New York.
Jacobsen, N. 1985. The Cryptocoryne (Araceae) of Borneo. 
Nordic Journal of Botany 5:31-50.
Kane, M.E., G.L. Davis, D.B. McConnell & J.A. Gargiulo. 
1999. In vitro propagation of Cryptocoryne wendtii. Aquatic 
Botany 63:197-202.
Kasselmann, C. 2003. Aquarium Plants. Krieger Publishing 
Company. Malabar, Florida.
León, B. & K.R. Young. 1996. Aquatic plants of Peru: diver-
sity, distribution and conservation. Biodiversity and Conser-
ation 5:1169-1190.
Mansor, M. & M. Masnadi. 1994. Cryptocoryne elliptica, an 
endangered amphibious plant in Pondok Tanjung Forest 
Reserve, Peninsular Malaysia. Aquatic Botany 47:91-96.
Padoch, C., J.C. Inuma, W. de Jong & J. Unruh. 1985. Am-
azonian agroforestry: A market-oriented system in Peru. 
Agroforestry Systems 3:47-58.
Rataj, K. 1975. Revizion [sic!] of the genus Echinodorus 
Rich. Studie Csav 2:1-156.
Rataj, K. 1978. Alismataceae of Brazil. Acta Amazonica 8:5-
51.
Wijesekara, R.G.S. & A. Yakupitiyage. 2001. Ornamental 
fish industry in Sri Lanka: present status and future trends. 
Aquarium Sciences and Conservation 3:241-252.
